Abstract: Alpha-fetoprotein (AFP) has not played a large role in the surveillance of hepatocellular carcinoma due to inadequate sensitivity and specificity for active chronic hepatitis or cirrhosis. The aim of this study was to evaluate the diagnostic accuracy of AFP in small hepatocellular carcinomas after hepatitis C virus eradication to determine the optimal cutoff value.
INTRODUCTION
H epatocellular carcinoma (HCC) is one of the most common cancers worldwide and the leading cause of cancer-related death. 1 Hepatitis C virus (HCV) infection is one of the major causes of chronic liver disease and associated with an increased risk of HCC. 2, 3 In recent years, effective direct-acting antiviral agents have been developed that result in a sustained viral response (SVR) in most patients. [4] [5] [6] Although HCV eradication has been documented to reduce the risk of HCC, [7] [8] [9] HCC still develops in some patients after achieving an SVR, 7, 10, 11 which necessitates cancer surveillance after HCV eradication.
Alpha-fetoprotein (AFP) is widely used as a serum biomarker for the diagnosis of HCC. [12] [13] [14] However, elevated AFP levels are also sometimes seen in patients with chronic viral hepatitis and cirrhosis who do not have HCC. [15] [16] [17] The use of AFP for detecting early HCC lacks adequate sensitivity and specificity. 18, 19 Thus, AFP testing is not recommended for HCC surveillance by the practice guidelines of the American Association for the Study of Liver Diseases. 20 After HCV eradication, serum alanine aminotransferase (ALT) levels are usually decreased within normal limits, and hepatitis flares occur rarely, which might lead to decreased AFP levels without HCC. Thus, the specificity of AFP for the diagnosis of HCC after HCV eradication could be improved. The aims of the current study were to evaluate the diagnostic accuracy of AFP in small HCCs after HCV eradication compared with patients without HCV eradication to identify the optimal cutoff value for serum AFP and to differentiate patients with HCC from those without HCC after HCV eradication.
MATERIALS AND METHODS

Patients
This retrospective study was conducted according to the ethical guidelines for epidemiological research of the Japanese Ministry of Education, Culture, Sports, Science, and Technology and the Ministry of Health, Labor, and Welfare. The study design was included in a comprehensive protocol for retrospective studies at the University of Tokyo Hospital, Department of Gastroenterology (Tokyo, Japan) and was approved by the University of Tokyo Medical Research Center Ethics Committee (approval number, 2058).
Four cohorts were enrolled based on the presence of HCC or HCV status. Patients with positive serology for hepatitis B surface antigen were excluded. Inclusion criteria were as follows:
(1) Cohort 1 included patients who developed HCC after HCV eradication using interferon (IFN)-based therapy. These patients were enrolled from January 1990 to December 2012 at the Department of Gastroenterology of the University of Tokyo Hospital. Of the 37 patients who developed HCC after HCV eradication, 29 were defined as early stage HCC (defined below); (2) Cohort 2 included patients who did not develop HCC after HCV eradication using IFN-based therapy. These 179 patients, who were enrolled from January 1990 to December 2012, achieved SVR, confirmed as the absence of HCC during follow-up for more than 1 year; (3) Cohort 3 included patients who developed HCC without HCV eradication, consisting of 1185 chronic hepatitis C patients who developed HCC treated initially with radical therapies (percutaneous ethanol injection therapy, percutaneous microwave coagulation therapy, or radiofrequency ablation) from January 1990 to December 2009 at the same institution, excluding those who achieved SVR before HCC development; and (4) Cohort 4 included patients without either HCC or HCV eradication. These patients were extracted from the followup cohort, which was analyzed for hepatitis C-related HCC development, as reported previously. 21 
Diagnosis of HCC
HCC was diagnosed by dynamic computed tomography (CT) or magnetic resonance imaging (MRI) with hyperattenuation in the arterial phase and washout in the late phase. 22 As the diagnosis of HCC was not definite by CT or MRI, an ultrasoundguided tumor biopsy was performed and pathological diagnosis made based on the Edmondson-Steiner criteria. 23 Early stage HCC was defined as a tumor number 3 with each lesion 3 cm in diameter with no evidence of vascular invasion or extrahepatic metastasis.
Virological Testing
Anti-HCV antibody was used in a chemiluminescent immunoassay (Dainabot, Tokyo, Japan). HCV RNA was measured quantitatively using the Amplicore HCV RNA Monitor Kit Version 2.0 (Roche Diagnostics; Indianapolis, IN) or COBAS TaqMan HCV Test (Roche Diagnostics), both of which were also used to qualitatively confirm seronegative HCV RNA. Hepatitis B virus surface antigen was examined using a chemiluminescent immunoassay (Dainabot).
Matched Case-Control Study
A matched case-control study was conducted to compare the diagnostic accuracy of AFP between SVR cohorts 1 and 2 and non-SVR cohorts 3 and 4 to minimize the influence of non-HCC factors on AFP levels. Details of the matching method are described in Figure 1 . The first step was to extract patients without HCC into an SVR cohort (cohort 2) to match age, gender, and platelet counts with those of early-stage HCC patients after HCV eradication (cohort 1). The next step was to extract patients with HCC in the non-SVR cohort (cohort 3) to match age, gender, platelet counts, tumor number, and tumor diameter with those of early-stage HCC patients in an SVR cohort (cohort 1). The third step was to extract patients without HCC in a non-SVR cohort (cohort 4) to match age, gender, and platelet count with those of HCC patients in a non-SVR cohort (cohort 3). In both SVR and non-SVR cohorts, two non-HCC cases were selected for each HCC case. To ensure that non-HCC patients did not have subclinical HCC, patients who developed HCC during the following year were excluded.
Statistical Analyses
Data were presented as means and standard deviations or as medians and interquartile ranges for quantitative variables. Qualitative variables were expressed as numbers and percentages. Statistical differences between subgroups were analyzed using the Student t-test or Mann-Whitney U test for continuous variables and the x 2 test for categorical variables. To analyze the diagnostic accuracy of AFP for differentiating HCC cases from controls, an area under the receiver operator characteristic curve (AUROC) was calculated. The optimal cutoff value was validated by calculating the Youden index. 24 All tests were 2-tailed with a P < 0.05 considered to indicate a significant difference. Statistical analyses were performed using R 2.13.0 (http:// www.R-project.org).
RESULTS
Patient Profiles
Cohort 1 included 29 total patients who were diagnosed with early stage HCC after HCV eradication. The mean age of these patients at initial HCC development was 63.6 AE 9.5 years, and 79% were male. The median time between HCC diagnosis and achieving SVR was 4.7 years (interquartile ranges, 2.4-8.5). HCC was solitary in 19 patients (66%), and the mean tumor size was 18.7 AE 5.7 mm. Matched cohorts were extracted FIGURE 1. Schematic of the matching process. Cohort 1 included patients who developed hepatocellular carcinoma after hepatitis C virus eradication; cohort 2 included patients without hepatocellular carcinoma development after hepatitis C virus eradication; cohort 3 included patients who developed hepatocellular carcinoma without hepatitis C virus eradication; and cohort 4 included patients without hepatocellular carcinoma development or hepatitis C virus eradication. The first step in the matching process was to match age, gender, and platelet counts between hepatocellular carcinoma cases and controls after hepatitis C virus eradication. The second step was to match age, gender, platelet counts, tumor number, and tumor diameter between hepatocellular carcinoma cases after hepatitis C virus eradication and those without hepatitis C virus eradication. The third step was to match age, gender, and platelet counts between hepatocellular carcinoma cases and controls without hepatitis C virus eradication. HCC ¼ hepatocellular carcinoma, HCV ¼ hepatitis C virus, SVR ¼ sustained viral response.
according to the matching process described in Figure 1 . The baseline characteristics of these patients are shown in Table 1 
Performance of AFP Level in Differentiating HCC Cases From Controls
The Receiver operating characteristic (ROC) curve for AFP levels in the SVR cohorts is shown in Figure 2 . The optimal cutoff value validated by calculating the Youden index was 5 ng/mL. The AUROC was 0.86 (95% confidence interval [CI]: 0.76-0.96). The ROC curve for AFP levels in the non-SVR cohorts is shown in Figure 3 . The optimal cutoff value was 17 ng/mL. The AUROC was 0.83 (95% CI: 0.74-0.91). Table 2 shows the sensitivity and specificity of AFP levels for differentiating HCC patients from non-HCC patients at these two cutoff values. Using the cutoff value of 17 ng/mL, the sensitivity and specificity of AFP levels in the SVR cohorts were 24.1% and 100%, respectively. Using the lower cutoff value of 5 ng/ mL, the sensitivity increased to 75.9%, whereas the specificity decreased to 89.0%. At both lower and higher cutoff values, the specificity of the AFP levels was higher in the SVR cohorts than in the non-SVR cohorts. 
Role of AFP in Differentiating HCC Cases After HCV Eradication Stratified by Albumin Level, ALT Level, and Platelet Counts
Subgroup analysis of the role of AFP in differentiating HCC from controls after HCV eradication is shown in Figure 4 . Sensitivity and specificity were similar between patients with low (<4.3 g/dL) and high albumin levels (!4.3 g/dL) (75.0% vs 76.5%; 92.0% vs 90.9%, respectively). The specificity was higher in patients with low (<20 IU/L) compared with high ALT levels (!20 IU/L) (94.3% vs 87.0%), as well as in patients with high (!15 Â 10 4 /mL) compared with low platelet counts (<15 Â 10 4 /mL) (96.8% vs 85.2%). In contrast, sensitivity was lower in patients with high (68.8%) compared with low platelet counts (84.6%).
DISCUSSION
This study demonstrated AFP to be a specific tumor marker for the diagnosis of HCC after HCV eradication compared with patients without HCV eradication. This could occur because liver inflammation stabilizes after HCV eradication, which decreases false elevations in AFP levels. It was reported previously that AFP was a specific marker for the diagnosis of HCC in chronic hepatitis B patients receiving entecavir. 25 In this study, AFP was also a specific marker for HCC after HCV eradication. As shown in Table 2 , the AFP level was more specific in SVR cohorts compared with non-SVR cohorts at any of the cutoff values used. Using a cutoff value of 5 ng/mL, the AFP level had a specificity of 89.0% and a sensitivity of 75.9%, compared with the higher cutoff value of 17 ng/mL, which was optimal in non-SVR cohorts with improved specificity as high as 100% but decreased sensitivity to 24%. AFP testing is not recommended for HCC surveillance by the American Association for the Study of Liver Diseases practice guidelines because of the lack of adequate sensitivity and specificity of AFP for detecting HCC. 20 Meta-analysis showed that AFP provided no additional benefit to surveillance using ultrasonography. 26 However, ultrasonography might be difficult in obese patients or cirrhotic patients, 27 and ultrasonography performance for HCC detection depends on the skills of the operator and the quality of the equipment. Therefore, effective tumor markers complementing ultrasonography are needed. In patients after HCV eradication, AFP could provide a marker that differentiates HCC cases from controls because of the high specificity of AFP levels. This could lead to further imaging studies by CT or MRI, even if ultrasound findings are negative, to confirm the diagnosis of HCC. In addition, when using the lower cutoff value of 5 ng/mL, improving sensitivity to 76% was achieved with a mild decrease in specificity to 89%.
Because IFN-based therapies are often associated with various adverse events and low antiviral efficacy, they are less likely to be recommended for aged patients or cirrhotic patients. 28, 29 Cirrhotic patients are indicated for IFN-free regimens because of drug safety and high efficacy. 4, 5 As reported previously, elevated serum AFP was associated with progressive liver fibrosis or aspartate aminotransferase levels. 17 Therefore, the AFP specificity for differentiating HCC cases from controls among cirrhotic patients or patients with higher ALT levels after HCV eradication was expected to be lower than in noncirrhotic patients or those with lower ALT levels. In the current study, Figure 4 demonstrates lower specificity in patients with lower platelet counts or higher ALT levels after HCV eradication, albeit remaining as high as 85.2% or 87.0%, respectively.
The strength of this study was the use of well-matched cases and controls. AFP levels are influenced by nontumoral factors such as etiology of chronic liver disease and progression of cirrhosis.
12,17 Therefore, we matched age and gender, as well as platelet counts, which reflect liver fibrosis. 30, 31 Without this matching process, the HCC cases would have comprised patients with more progressive liver fibrosis, which is associated with elevated AFP levels, leading to an overestimation of the diagnostic accuracy of AFP levels. Another advantage of our study is that it demonstrated the usefulness of AFP levels for the diagnosis of early stage HCCs after HCV eradication, which could lead to curative therapies. There are several limitations of the current study. First, longitudinal data for AFP level measurements in HCC patients after HCV eradication were not available. This is because our hospital is a tertiary care center, and HCC patients after HCV eradication consisted primarily of patients referred to our hospital after diagnosis of HCC and after HCV eradication in other hospitals. Second, the number of HCC cases after HCV eradication was relatively small. However, eradication of HCV was proven to be associated with reduced incidence of HCC, and HCCs after HCV eradication are expected to occur less frequently. Third, in the matching process, 2 non-HCC patients were selected per HCC patients, which did not reflect the actual incidence rate of HCC after HCV eradication. Forth, it could not be assessed in this study design whether the use of AFP improves efficiency in HCC surveillance based on ultrasound.
In conclusion, AFP is a specific tumor marker for the diagnosis of HCC after HCV eradication using an optimal cutoff value of 5 ng/mL.
